Introduction
Reducing sodium intake from the high levels currently consumed in the West (150-250 mmol(mEq)/day) to around 60-100 mmol/ day causes a fall in blood pressure in patients with sustained essential hypertension.'-3 There is some evidence that doubling potassium intake, using potassium chloride, from 60 to 120 mmol/day also lowers blood pressure when patients are receiving a high sodium intake-that is, more than 150 mmol/day. 4 Studies in stock and genetically hypertensive rats6 -8 and in hypertensive man4 5have suggested that the effect of potassium chloride supplementation on blood pressure is more effective the higher the intake of sodium. No evidence exists concerning the effect of potassium chloride supplementation in patients with essential hypertension who are already moderately restricting their sodium intake to around 70 mmol/day. We therefore conducted a double blind, randomised crossover study of one month's treatment with slow release potassium chloride tablets, 64 mmol potassium chloride a day, or matching placebo tablets in patients who were already restricting their sodium intake to roughly 70 mmol a day.
Patients and methods
Patients referred by local general practitioners to this unit were included in the study if after two months' observation without treatment their supine diastolic pressure was between 90 and 119 mm Hg and no underlying cause for their high blood pressure had been found. If patients were already receiving drug treatment it was stopped at least two months before the start of the study. Patients with renal failure, ischaemic heart disease, or cerebrovascular disease and those taking the oral contraceptive pill or any other drug were excluded from the study. Twenty two patients were considered. One was excluded before the study because he was not willing to restrict his sodium intake. Another was excluded during the study as he was not able to tolerate the potassium chloride tablets. Twenty patients therefore completed the study. There were 11 men and nine women, of whom 18 were white and two black; mean (SEM) age was 53 (3) years (range 30-66).
During a run in period of observation lasting two months all patients were seen fortnightly in the unit for measurement of blood pressure so that they were well used to having their blood pressure measured under standard conditions. After this two month run in period, in which they did not receive any drug treatment, all patients were taught how to restrict their sodium intake moderately to around 70 mmol a day by not adding salt to their food and avoiding foods with a high sodium content. Six of the 20 patients included in the study were already restricting their sodium intake to around this amount.
During an initial month of moderate sodium restriction alone patients were seen every two weeks. They were then all entered into a double blind, randomised, crossover study comparing one month's BRITISH MEDICAL JOURNAL VOLUME 290 treatment with potassium chloride 64 mmol/day (Slow-K (Ciba) eight tablets a day) with one month's treatment with eight identical placebo tablets (Ciba) a day while continuing to restrict their sodium intake moderately. Nine patients were given potassium chloride first and 11 placebo. The average blood pressure before randomisation was 163/103 mm Hg (range: systolic 147-206 mm Hg; diastolic 92-123 mm Hg).
During the study patients were seen at the end of each month of treatment. Each patient was seen on the same day of the week at the same time of day by the same person in the same room. Blood pressure was measured in the same arm with semiautomatic ultrasound (p < 0-001). There was no significant difference between urinary potassium excretion on entry to the study and while taking placebo. All patients showed an increase in urinary potassium excretion when the fourth week of placebo was compared with the fourth week of potassium supplementation (fig 1) . Urinary sodium excretion on entry to the study was 68 (6-8) mmol/24 h, after one month of treatment with potassium chloride 80 (6) (7) (8) 
*Compared with placebo: p < 0 0001. tn = 19.
Conversion: SI to traditional units-Sodium: 1 mmol= 1 mEq. Potassium: 1 mmol= 1 mEq. Creatinine: 1 iLmol z 113 sg. Plasma renin activity: 1 nmol/l/h z 1-3 ng/ml/h. Aldosterone: 1 pmol/lI 36 pg/100 ml. Urea: 1 mmol/l z 6 mg/100 ml. sphygmomanometers (Arteriosonde)9 with attached recorders. The measurements were therefore free from observer bias. Supine and standing blood pressures were the means of five readings taken every one to two minutes. Pulse rate was measured with a pulse monitor (Cambridge 3048). During sodium restriction and at the end of the fourth and eighth weeks of the crossover study two 24 hour urine samples were collected and blood was also taken for measurement of urea, electrolyte, creatinine, and aldosterone concentrations and plasma renin activity. Urinary excretions of sodium, potassium, and creatinine for each occasion were taken as the mean of two consecutive 24 hour urine samples. All blood samples were taken without stasis after the patient had been sitting upright for 10 minutes, some time between 1000 and 1200. Plasma renin activity and aldosterone concentration were measured by radioimmunoassay.'°I 0 Written consent was obtained from each patient. Mean arterial pressure was calculated by adding one third of the pulse pressure to the diastolic pressure. All results are reported as the mean (SEM). Based on blood pressure while taking potassium chloride or placebo, the study had a 95 O chance of picking up a fall of 6/4 mm Hg in blood pressure.
Statistical analysis was performed using the University of London's computer and the north western universities' statistical package for social sciences.
Results
During the two month randomised crossover study there were no significant changes in supine systolic or diastolic pressure or standing systolic or diastolic pressure with potassium chloride supplementation as compared with placebo or sodium restriction alone (table). In the 14 of the 20 patients who restricted their sodium intake for the first time during the month before the study there was a significant fall in supine systolic pressure (p < 0-02) and a non-significant fall in diastolic pressure with moderate sodium restriction (blood pressure: before treatment= 173/105 (3-8 /3-0) mm Hg; in the foiurth week of sodium restriction= 163/101 (4-1/2-4) mm Hg; n = 14). Blood pressure fell after four weeks of sodium restriction in these patients by a mean of 4-8",, (p < 0-02). In these 14 patients 24 hour urinary excretion of sodium fell significantly from 156 mmol/'24 h during normal sodium intake to 70 mmol/24 h when restricting sodium intake (p < 0-001).
Mean urinary potassium excretion increased from 72 (4) (5) (6) (7) (8) mmol/ 24 h before randomisation to 117 (4) (5) (6) mmol/24 h with potassium chloride supplementation and was 67 (6) (7) (8) (9) (fig 2) . There was no obvious difference between these two groups of patients when other variables were considered. Looking at the changes in other measurements, there did not appear to be any explanation for the difference in response, which was 12 JANUARY 1985 ill probably due to random variation. There was no correlation between the change in blood pressure between the fourth week of potassium chloride treatment and the change in urinary potassium at these times. Potassium supplementation was not continued after the end of the trial.
Discussion
Our findings showed that in patients with mild to moderate essential hypertension who were already moderately restricting their sodium intake to around 70 mmol/day doubling potassium intake as a chloride salt (64 mmol potassium chloride a day) did not cause any further significant fall in blood pressure. Compliance with sodium restriction and potassium chloride supplementation was good as shown by 24 hour urinary excretions of sodium and potassium. The finding. that potassium chloride supplementation becomes less effective as sodium intake is decreased fits with previous findings in animals6-8 and also with the limited studies that have been done in patients with essential hypertension. In an identical study that we conducted in patients with essential hypertension but whose sodium intake was not restricted (mean urinary sodium excretion 152 mmol/24 h) mean arterial pressure fell by 40O,5 whereas in a study in Japan of patients with a higher sodium intake (260 mmol a day) a similar increase in potassium chloride intake reduced blood pressure by 10°/ .4 Epidemiological evidence would suggest that, in addition to sodium intake, potassium intake is also important in determining blood pressure in the whole community."2 13 It is not clear from this evidence whether potassium intake is more important in determining blood pressure in communities with a high sodium intake or in those with a low sodium intake. Several mechanisms have been postulated whereby potassium chloride supplementation may lower blood pressure. With a sodium intake of 150 mmol a day potassium chloride causes natriuresis.'4 At the same time, potassium chloride inhibits renin release'5 so that the expected rise in renin release, and thereby angiotensin II, does not occur with the sodium loss; this could be one mechanism whereby blood pressure falls. '4 The lack of effect of potassium chloride on blood pressure when sodium intake is restricted could be due to potassium chloride having either less of a natriuretic effect or less effect on renin secretion.
Our results suggest that, if patients are prepared to restrict sodium intake to around 70 mmol/day, there is little point in increasing potassium chloride intake. Our experience in patients with high blood pressure is that it is relatively easy for them to restrict sodium intake to the sort of levels achieved in this study. Many of our patients have been moderately restricting their sodium intake (60-80 mmol/day) for over two years and have stuck to the diet without problems. Indeed, most of the patients prefer their present diet to their previous one and now find high salt foods unpleasant. We previously showed that in patients with high blood pressure this reduction in sodium intake has the effect of lowering blood pressure. 3 Others have shown that this degree of sodium restriction is also additive to drugs that lower blood pressure.2 16 17 The effect of sodium restriction on blood pressure is greater the higher the blood pressure before treatment.3 Not surprisingly, therefore, studies in which patients had blood pressure that was normal or just on the limit of normal" 19 have shown a less consistent fall in blood pressure with sodium restriction.
A few patients are not able to restrict sodium intake, and in these potassium supplementation may lower blood pressure. Increasing potassium intake by the amount (64 mmol/day) that we used in this and our previous study without potassium tablets or elixir is not nearly as easy as reducing sodium intake. In a study of normotensive subjects using a 97%/ potassium chloride based salt substitute (No Salt; Revlon) for two weeks the subjects achieved a 30-40 mmol increase in potassium excretion at the end of two weeks. 20 In longer term studies, however, in patients with essential hypertension some patients were not able to tolerate the salt substitute and found its bitter aftertaste unpleasant. In those patients who were able to take it urinary potassium excretion was increased by only 20 to 30 mmol/day.
All the studies in man showing that potassium lowers blood pressure have used potassium chloride. Chloride ions themselves have been shown to increase blood pressure in uninephrectomised hypertensive rats treated with desoxycorticosterone acetate." Chloride ions have also been shown directly to inhibit renin release in man." Clearly more consideration should be given to the role of chloride ions in the regulation of extracellular volume, and therefore blood pressure, and no definite conclusions can be drawn from our studies as to the effect on blood pressure of increasing intake of potassium as a nonchloride salt-that is, by increasing fruit and vegetable intake. Increasing dietary potassium intake as a non-chloride salt may possibly lower blood pressure when sodium intake is restricted. Even if it does not, such an increase in consumption of fruit and vegetables would help compliance with moderate sodium restriction and might have other advantages; a higher fibre and lower saturated fat content of the diet have both been claimed to lower blood pressure23 2' independent of a reduction in sodium intake. To reduce the time needed for induced abortions some workers have suggested using intravenous oxytocin in 5`, dextrose in addition to extra-amniotic prostaglandin E2.' This technique is popular and regarded as safe. I report on two patients who developed water intoxication during mid-trimester therapeutic abortions.
Case reports CASE 1 A 31 year old woman (gravida 6, para 4) was admitted for therapeutic abortion in the 15th week of pregnancy. She was a healthy married white woman who had had one of her previous pregnancies terminated in the 12th week of gestation without complications. On admission clinical examination, full blood count, and estimation of serum electrolyte concentrations were carried out; the results were normal. At midday on the day of admission extra-amniotic instillation of 200 ,Lg Dinoprostone (prostaglandin E.) by svringe pump two hourly and intravenous oxytocin 32 IU in 5`0 dextrose solution by IVAC pump were started. After 35 hours she became restless and confused and had a grand mal convulsion. On examination her pupils were widely dilated and unresponsive to light. Tendon reflexes were uniformly brisk and plantar responses extensor. After vaginal examination the Foley catheter and some products of conception were extracted from the introitus.
Diazepam 10 mg intravenously and oxygen [4] [5] [6] I1min via MC mask were given. The intravenous oxytocin in 5,, dextrose infusion was stopped.
Total fluid intake was 2 5 litres with 80 IU oxytocin, and fluid output was two litres urine and 100 ml vomit. Serum sodium concentration was 115 mmol(mEq)ll, urea 3 0 mmol'l (18 mg'100 ml), potassium 3-3 mmol(mEq)ll, haemoglobin 13 4 g,'dl, and packed cell volume 0-27. After two hours of treatment with intravenous 1-80, saline, intramuscular frusemide 60 mg, and methylprednisolone 1 g she had a second seizure.
Her condition remained critical until she regained consciousness after 42 hours of intensive care. CASE 2 A 23 year old woman (gravida 2, para 1) was in the 14th week of pregnancy when a therapeutic abortion was carried out. There was no relevant medical or obstetric history. Physical and pelvic examinations were normal. Body weight was 53 kg.
On the day of her admission to hospital extra-amniotic prostaglandin E2 instillation and intravenous oxytocin infusion were started. After 22 hours she developed uterine colic, for which intramuscular pethidine hydrochloride 150 mg was given. An hour later she had a grand mal fit and aborted. Physical examination showed widely dilated pupils that responded sluggishly to light. Tendon reflexes were brisk and plantar responses extensor. There was no papilloedema. Blood pressure was 90/60 mm Hg and the pulse rate 72/min.
Because of central cyanosis oxygen 4 1/min was administered via MC mask.
Diazepam 20 mg and frusemide 40 mg were given by intramuscular injections. The intravenous oxytocin in 5 dextrose was stopped. Total fluid intake was 2-7 litres with 93 IU oxytocin. The urinary output was 2-02 litres. Serum sodium concentration was 121 mmol/l, potassium 2-6 mmol/l, urea 2-8 mmol/l (16-8 mg/l00 ml), haemoglobin 13 7 g/dl, and packed cell volume 0 40. Intravenous 1 8%,' saline at 75 ml/h was given. After 12 hours of intensive care she regained consciousness and electrolyte concentrations returned to normal.
Comment
Water intoxication in gynaecological practice is rare. Non-specific symptoms such as headache, vomiting, and restlessness preceding convulsions may often be overlooked. Biochemically, hyponatraemia occurs with serum sodium concentrations below 120 mmol/l. Although the aetiology of the condition is still not clear, it has been attributed to haemodilution due to an overload of water containing 5 O dextrose. In some cases, however, the hyponatraemia cannot be explained on the basis of dilution factor alone.
Some workers have postulated other mechanisms such as the antidiuretic effect of infusion of oxytocin2 and pethidine and morphine.3 I suggest that the use of 5% dextrose in water as a vehicle for oxytocin should be abandoned and that automatic infusion systems should be used to keep infused fluid to a minimum volume.
I thank Mr J Hamlett and Mr A Williams for permission to publish details of their patients, and Dr R S Ramaiah for his help. Fatal multisystemic toxicity associated with prophylaxis with pyrimethamine and sulfadoxine (Fansidar) Prophylaxis for malaria is fraught with difficulty, although recent reviews have attempted to clarify indications and drug regimens.' 2 We describe a healthy woman who developed a fatal multisystemic illness after taking pyrimethamine and sulfadoxine (Fansidar).
Case report A 60 year old woman with no history of allergy was prescribed Fansidar one tablet and chloroquine sulphate 400 mg weekly one week before leaving for a tour of Bangkok, Singapore, and Hong Kong. One week after departure she developed a fever with non-bloody diarrhoea and vomiting. In Singapore she was treated with intravenous fluids for dehydration and gastroenteritis. In Hong Kong she developed jaundice with urobilinogenuria, having taken
